ABSTRACT
Introduction
Atmospheric deposition is the process by which airborne particles and gases are deposited on the earth surface either through precipitation, known as wet deposition, or through settling, impaction, and adsorption, known as dry deposition. With regard to the measurement of any chemical constituent in the atmosphere, the four main sampling methods used to collect the atmospheric deposition are wet only, dry, bulk, and sequential rain samplings.
Wet only and dry sampling were generally carried out together using the automatic sampler device which allows the collection of both wet and dry (dust) deposition as separate fractions. the device is equipped with a motor-driven cover that exposes one collector for dry deposition only during dry weather and another for wet deposition only when it is raining. Wet deposition collections have been widely carried out in many areas with the aim of finding the sources of atmospheric pollutants scavenged by rain drops, investigation of acidity and temporal variations and statistical classification of chemical constituents in the rain (1, 17, 18) .
Dry deposition includes only particulate matter such as wind-blown particles, gas-to-particles conversion, and sea salt particles. erisman et al. (9) provided an overview of the development of deposition monitoring stations and the main results of the three core sites. Furthermore, the results of the development of a low-cost monitoring system are presented. Because of the high costs associated with technical measurements of airborne contaminants, alternatives have been developed (19) . For monitoring heavy-metal airborne pollution, moss species are especially suitable due to their high cation-exchange capacity (5) . the atmospheric pollution during a 3-year period (2003) (2004) (2005) , assessed by mosses, and following the european Moss Survey 2005/2006, in Bulgaria was presented (19) .
Bulk deposition includes both wet deposition and dry deposition that may fall into a collector which is continually kept open to the atmosphere. Since bulk precipitation samplers are open at all times, an unknown fraction of gaseous and particular matter can be collected along with the rain water. Bulk deposition chemistry is very sensitive to local contamination from wind-blow dust, birds and insects, which is why the choice of the sampling site is of crucial importance. if local contamination is regarded, bulk deposition will probably better approximate what actually falls on the soil surface than wet deposition would (8) . Akkoyunlu et al. (2) introduced the differences between wet and bulk deposition chemistry. cape et al. (6) described a simple battery-powered modification to a standard bulk sampler that allows separate measurement of the deposition to the funnel surface and wet deposition by washing the funnel surface.
Sequential samplings are carried out by collecting the rain water automatically or manually into the sampling cases sequentially during one single rain event only. Sequential sampling has some advantages and disadvantages in comparison to the other sampling strategies; wet-only, dry, and bulk deposition samplings. An advantage of sequential sampling is that more detailed information is obtained about one rain event, since more samples are collected. A disadvantage of this type of sampling is that it is more costly owing to the more expensive sampling device and the greater number of samples that need to be analyzed. Manual collection in all sampling methods is least expensive in terms of equipment costs, but it requires a person to change the collection vessel at the appropriate times.
in this study, a computer-controlled sequential rain sampler with two main components: mechanical and electronic, was designed and tested with a rain event which occurred on 7 September 2007. the Mechanical part includes a rain gauge, a series of solenoid valves, 100 ml polyethylene sampling bottles and a metallic body. the electronic part is composed of sensors, various electronic components, ics, and relays. A computer is utilized as the main controller of the system. commands generated via the MAtlAB programming language control the system, and the sequential sampling period and volume can be modified. Besides the volume and time controlled sampling, intelligent control and sampling is possible by developing adequate algorithms. Since the system consists of automatic sensors that can be controlled by the computer, anthropogenic errors in sampling are kept at minimum. this study was previously presented for discussion at an international scientific conference SGEM (4), where a brief presentation was given.
Materials and Methods
Mechanical description the mechanical part contains two parts as an inner and outer body, made up of stainless steel sheets in the shape of a cylinder. the inner body is covered by the outer body, which can be moved up and down and which can be latched to the inner body (Fig. 1) . the entire sampler body is weatherproof and vent holes prevent the moisture from increasing inside. the headpiece of the outer body is also used as a funnel, called the outer funnel, for collecting rain water. Another funnel, called the inner funnel, much smaller than the outer one, is placed on the inner body in order to collect the rainwater coming from the outer funnel and then drain to the rain gauge. the rain gauge consists of two solenoid valves and a cylindrical plastic tube; the volume between these valves is 5 ml (Fig. 1) .
While the tube fills, the upper valve opens and the lower valve closes. When the tube used for a reservoir fills, short contact is provided between the sensors attached to the upper and lower sides of the tube so the upper valve of the rain gauge closes and the lower valve opens electronically. Subsequently, all the rain water drains out so that the upper valve opens and the lower one closes. this process is repeated until the rain stops. twenty-one solenoid valves and polyethylene sampling bottles below each solenoid valve are mounted in such a way that they are at different heights in the inner body and are linked together by polyethylene tubes. initially, all solenoid valves are open and the rain water in the rain gauge drains through the first solenoid valve and into the first sampling bottle on the inner body of the sampler device. this is repeated several times (the number of repetitions can be optionally changed using the programming language MATLAB) and then the first solenoid valve above the first sampling bottle is closed by a current-controlled and electronic device. After completing the sampling for the first sequential event, the first solenoid valve is closed and subsequently, the rain water drains through the second solenoid and then into the second sampling bottle mounted below of this solenoid valve, because of the level difference. this sequence continues until the rain stops, or until the last bottle (21 st bottle) is filled. If there is no rain in any of the sequential samplings for a long time, the valve linked to the sampling bottle for this sub event is closed by means of the developed MAtlAB algorithm. hence, as soon as it starts raining, the next valve opens and the rain water flows into the next sampling bottle. This strategy does not allow rain water from different sources or systems (cyclones, fronts etc.) to be mixed in one and the same sequential sampling bottle. the software developed using the MAtlAB programming language completely controls the process and transfers data relevant to the time and the level of the rain water in the sampling bottles through an input/output unit into a file. The data stored in this file can be used for calculating the rain intensity. the device can be programmed to collect the sequential samples in a variety of ways with the commands in the algorithm, to sample either by volume or by time. As the number of openings/closings of the solenoid valve placed below the rain gauge tube can be changed via the algorithm, the volume of the rain water of sequential samplings can be adjusted by changing the related commands. In this way, the sequential samples can be collected as fixed volumes. Furthermore, the duration of sequential samplings can be adjusted by changing these same commands in the algorithm so that sequential samples can be collected at fixed time intervals.
Software description
Data acquisition card (DAq) was used in order to process the signals that measure the physical condition of the device and convert the electrical signal into digital numeric values that can be manipulated by the computer. typically, DAqs digitize analog waveforms for processing the signal. Software is needed to maintain DAq hardware operations. the algorithm to run the rain collection system is provided in Fig. 2 . When the system is started, all the valves are shut to make sure the system initiates correctly. initially, the maximum time and maximum volume of the bottles are set according to the desired operation conditions. Furthermore, selection of the bottles which will be used for sampling can be done at this stage. the user can change these parameters before running the system. The algorithm starts with the first selected bottle and the system waits at the state until the next portion of rain fills up the rain gauge. then the corresponding valve is opened so that the rain water collected in the rain gauge can be transferred to the selected bottle. First, the bottle volume and the bottle filling time are set at zero. As time passes, the bottle filling time is updated to make sure the maximum time allocated is not over. if the time is already over, the water remaining at the sensor is immediately flushed into the corresponding bottle and the process ends for this bottle. if the time is not over yet, the sensors in the upper and lower side of the rain gauge tube control whether it is full or not. if it is full before the allocated time is over, the rain gauge is flushed to the corresponding bottle, and the bottle volume is updated accordingly. if the maximum volume for this bottle is not reached yet, the rain sample collection for this bottle continues; otherwise, the process is terminated for this bottle. the same process is repeated for the next bottle until all bottles are processed. As seen from the algorithm, there are two criteria to end the processing of a bottle: due to the time limit or the volume limit. these limits can be easily adjusted by the user. if one does not consider any time limit and would like to run the system according to the volume limit only, i.e. the bottles to be processed till filling up, then the maximum time setting could be chosen to be very large (e.g. days).
Hardware description the hardware part consists of a Pc running the software, a DAq device to interface with the Pc, and a control card to drive the solenoid valves and collecting sensor signals. the block diagram of the system is given in Fig. 3 . the DAq used is a USB controlled device providing various Analog i/o ports working up to 50 Khz, and various Digital i/o ports connected to the control card. the DAq gets its power from the Pc and for the remaining part of the system a power supply of 17 V and 3 A is used. the system can support up to 32 solenoid valves for rain collection. the rain gauge consists of 2 solenoid valves, one for taking water into the measuring tube and one for discharging the measured water together with a digital water level sensor. the electronic diagram of the control card is provided in Fig. 4 . An optoisolator chip (ic1) is used to isolate the DAq signals from the power system for safety. Four-bit serial input to the cart is used for control and 1-bit output is used for sensor data acquisition. An inverter/buffer chip (ic2) is used for signal conditioning. two 8-bit serial-in parallel-out shift registers (ic3 and ic4) are used to get the digital input signals from the DAq. eight-bit digital outputs of the shift register ic3 are then connected to two 4x16 multiplexer chips (ic5 and ic6). therefore, a total of 32 bits are provided as digital outputs which are connected to driver chips (ic8 to ic11) to control the solenoid valves for rain collection. Just one of the possible 32 valves can be turned on at any time by selecting the serial digital inputs correspondingly. the other shift register (ic4) outputs are directly connected to a driver chip (ic7) to control an independent 8-bit output. these signals control the relays which can provide independent power outputs for various purposes. two of these relays are used for the rain gauge solenoid valves. the rain gauge water level sensor signal, on the other hand, is sent back to the DAq through the optoisolator chip (ic1) after conditioning with a transistor circuit. 
Results and Discussion
to establish the dimensions and sources of various precipitation types taking place at different regions and dates, the design and development of the sequential precipitation sampling instruments and analysis techniques are becoming increasingly important. Krupa (12) categorized the sequential sampling strategies based on five basic approaches: grab sampling, timerelated grab sampling, time-weighted sequential sampling, intensity weighted sequential sampling and continuous monitoring. Sequential rain samplers were grouped by Robertson et al. (16) into four basic categories: 1) manually segmented; 2) linked collection vessels; 3) automatically segmented; and 4) continuous. the authors reviewed the sequential sampling techniques and applications to collect precipitation. chemical data for samples collected by an intensity-weighted sequential sampling device from october 1976 to April 1978 showed that intensity-weighted sequential sampling can be a viable technique for monitoring the rapid changes in precipitation chemistry within a storm (16) .
An automatic sequential precipitation sampler which consists of mechanical and electronic parts was designed and constructed. the sampler device can be programmed to collect in a variety of modes, to sample either the volume or time, record all relevant timing and operational status data. the sampling volume or sampling time for each sequential rain event can be adjusted by changing the algorithm. Such a sampling device enables the researchers to investigate the variation of composition during the rain events associated with the atmospheric condition like rain intensity, weather temperature, pressure etc. the sampler was designed in such a way that it can collect rainwater in up to 21 bottles. the number of sampling bottles can be increased by adding the valves and changing the algorithm without change in the electronic design of the rain sampler. the working process of the constructed sequential rain sampler was tested in a rain event that took place on 7 September 2007 and the device was subjected to a short evaluation of the contaminant concentration in the sequential samplers collected in this rain event as a function of rain intensity and duration. Fig. 5 illustrates the air mass back-trajectory for this rain event obtained by the noAA hYSPlit trajectory model (7) . the back-trajectory was calculated at every 6 h intervals for a 24 h total period. the rain event, which was of marine source, was associated with the air mass coming from the Middle Mediterranean Sea and the low pressure system trajectory reached istanbul by migrating over South Greece and the Aegean Sea. It was characterized with a minimum sea level pressure value of 1004 mb and decrease in temperature from 21 °c to 17 °c. Before sampling the rain event, the device was artificially tested several times. the funnel of the instrument was exposed to distilled water in such a way that all bottles were filled up to nearly 20 ml and it was observed that the rain sampler device does not contaminate the water. next, these blank samples were analyzed for na + , Mg 2+ , ca 2+ , and K + ions. Sequential samples were taken for that single rain event together with the presence of online satellite images. Just before the approach of the low pressure system, the rain sampler device was located at a place where it would collect precipitation samples. Prior to the experiment, the funnel and bottles used for sub-event sampling were rinsed with distilled water, soaked in a 5 % nitric acid bath and then rinsed again with distilled water and dried. After the experiment, the precipitation sampling bottles were removed from the sequential rain sampler body and brought to the laboratory. Samples were filtered and stored in precleaned polyethylene bottles in the refrigerator at 4 °c prior to chemical analysis. ) was determined by hitachi-180-80 atomic absorption spectrophotometer (AAS).
the device was programmed to collect the sequential samples with a fixed volume (50 mL). Twenty sequential samples were collected during the rain event. Sequential experiments give information about temporal variation of the chemicals, scavenging processes, and comparison of the initial and the final stages of the rain events (3, 11, 13, 14) .
complete chemical data is needed from individual storms to evaluate the intensity related scavenging (16). Gatz and Dingle (10) developed a sequential rain sampler that collects up to 70 samples from 35 mm to 70 mm of rain and can determine the sample time accurately. each sample had a volume of 500 ml to 1000 ml, which represented 0.5 mm to 1.0 mm of rain. Raynor and Mcneil (15) designed a timer actuated device. time periods were preset but adjustable between sampling runs. luo (13) investigated rainwater collected by sequential sampling on a time and volume basis for a period as short as possible in order to maintain the meteorological conditions constant. Varying patterns of sequential cumulative wetdeposition fluxes of soluble chemical species and the elements in insoluble materials with rain duration were examined in that study (13) . Another study presented the interrelationship among the chemical composition parameters in a sequential sampler and atmospheric variables for four storm events that were sampled manually in istanbul (3) .
Since the aim of our study was to design, construct and apply a rain sampling device, sequential rain samples belonging to only one rain event were collected and analyzed with the aim of testing it. the variation of the concentrations of the ions found in this experiment and the rain intensities are illustrated in Fig. 6 investigation of sequential samples gives a chance to observe the relationship between the chemical composition of precipitation with the associated meteorological conditions. Sequential collection and analysis can focus on both the precipitation forming processes: rainout and washout. the effect of washout during a precipitation event is expected to be seen during the collection of the early samples, when the concentration of particles in the atmospheric column is highest, and the collision and coalescence process start to remove them. the last phase of a rain event can partly explain the chemical constituents in the rainout process because of the elimination of the wash out to a certain extent (3).
Conclusions
the sequential rain sampling devise which was designed and constructed in this study can be used for investigation of the composition variation during rain events associated with the atmospheric condition, like rain intensity, weather temperature, pressure etc. the sampling devise was applied to only one rain event with the aim of testing it. investigation of the variation of the chemical components in the rain water and interrelationships between the rain intensity and the concentrations of the chemical components during this rain event were carried out. All of the ions had similar variability with a high correlation during the sampling period. negative correlations between rain intensity and ion concentrations were found.
With respect to other methods of collecting rain samples sequentially, this sampler's main advantage is its ability to operate unattended. its advantages with respect to previous samplers of the same type are that: 1) the number of sampling bottles can be increased by adding the valves and changing the algorithm without change in the electronic design of the rain sampler; thus it can collect more samplers; 2) since it does not have moving equipment, it needs less maintenance than its competitors. 3) its is quite low in cost. the sampler's disadvantages are that: 1) it is larger than its competitors, and 2) it is difficult to clean because of its pipes and numerous valves.
